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HISTORICAL  INTRODUCTION 

A study  of  the  phase  relations  of  the  system  LITHIUM  NITRATE — 

AMMONIUM  NITRaTE  was  undertaken  in  1924  by  E.P. Perman  and  W. R. 

#1 

Harrison,  using  the  macro  cooling  curve  technique.  "The  curve 
showed  the  usual  two  branches  with  a eutectic  at  97°C  and  25% 
lithium  nitrate.  There  is, however, a marked  break  in  the  left 

o 

branch  at  122  C indicating  a change  (on  cooling  ) from  the  2>-to 
the  X-  form  of  ammonium  nitrate."  (from  ammonium  nitrate  1 to  ammon- 
ium nitrate  11  ) This  latter  statement  substantiated  the  earlier 

#2 

work  of  Early  and  Lowry  on  ammonium  nitrate.  " A cooling  curve 
was  obtained  for  lithium  nitrate  (in  a separate  experiment)  between 

a o 

265  C (its  melting  point)  and  80  C.  It  showed  no  breaks, thus  prov- 
ing that  this  salt  exists  in  but  one  crystalline  form  between  these 
limits  of  temperature."  On  increasing  the  proportion  of  lithium 
salt  the  stability  Vias  reduced  so  that  the  range  of  experiments  at 
higher  temperatures  was  very  limited." 

#3 

In  1942  A. N. Campbell  repeated  the  work  of  Perman  and  Harrison 
"using  a refined  technique ....  which  consisted  essentially  in  the 
use  of  a neutral  body  and  two  thermocouples  in  opposition."  He 

o 

carried  measurements  as  high  as  231  C before  decomposition  inval- 
idated the  results, thus  discrediting  Perman  and  Harrison’s  state- 
ment on  instability  of  mixtures  rich  in  lithium  salt.  But, as  for 
Campbell’s  curve, "The  figures  entirely  confirm  the  results  of 
Perman  and  Harrison." 


#1  Perman  and  Harrison  J.Chem.  Soc.  125  ,1709-13  (1924) 
#2  Early  and  Lowry  J.Chem. Soc.  115  ,1387  (1919) 
#3  A. N. Campbell  J.Am.Chem.Soc.  64.  ,2680  (1942) 
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We  decided  to  redetermine  the  phase  diagram  of  the  system  using 

#4 

the  micro  melt-thaw  method, devised  by  Holmes  and  Revinson.  Since 
this  method  is  unreliable  at  the  eutectic  point , determination  of 
the  actual  eutectic  temperature  was  made  by  running  macro  cooling 
curves.  All  data  were  treated  by  the  Method  of  Least  Squares. 

PUR IF I GAT I ON  AND  DRYING  0?  REAGENTS 

The  AMMONIUM  NITRATE  used  was  supplied  by  the  Committee  on 
#5 

Eutectics  and  was  of  highest  purity;  the  dry  material  being  found, 
by  analysis, to  contain  100.01^  ammonium  nitrate.  This  salt  was 
ground, heated  on  a watch  glass  in  an  oven  for  two  hours  at  140° C, 
reground, and  stored  in  a desiccator  over  Anhydrone  (Mg(  Cl<)4  ) ., ) for 
several  weeks, being  reground  frequently  during  the  entire  period 
of  experimentation. 

The  LITHIUM  NITRATE  (Baker  C.P.  )was  further  purified  by  conver- 
sion to  the  carbonate  by  means  of  ammonium  carbonate.  ( 100/^  excess 
over  the  calculated  amount  is  needed.)  This  lithium  carbonate  was 
washed  twice  then  reconverted  to  the  nitrate  with  a minimum  amount 
of  freshly  distilled  nitric  acid.  This  pure  lithium  nitrate  was 
dried  by  suction , washed , spread  in  a thin  layer  on  a watch  glass  and 
placed  in  a desiccator  for  several  weeks, being  removed  frequently 
for  grinding  in  an  agate  mortar.  It  was  then  dried  in  an  oven  at 
150°C  for  several  hours  and  stored, like  the  ammonium  nitrate, in  a 
desiccator  over  Anhydrone , being  removed  only  for  frequent  grinding. 

#4  Holmes  and  Revinson  J.  Am.  Chem.  Soc.  J56  ,453  (1944) 

#5  Committee  on  Eutectics,  National  Research  Council 
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Improved  Drying 


Since  moisture  was  suspected  to  be  present  even  after  these 
treatments , the  salts  "were  further  dried  for  the  second  set  of  de- 
terminations. A carbon-hydrogen  combustion  furnace  was  combined 
with  resistance  boxes  until  it  maintained  an  even  temperature  of 
140° G.  An  air-drying  train, consisting  of  a spiral  wash-tower  of 
concentrated  sulfuric  acid, a U-tube  of  glass  wool, and  two  large 
U-tubes  of  Anhydrone,was  set  up  between  the  compressed  air  valve 
and  the  combustion  tube  of  the  furnace.  Porcelain  boats  containing 
the  salts  were  then  put  in  the  furnace  and  dried  for  two  hours  at 
140° G in  a constant  stream  of  dry  air.  They  were  removed  ,the 
salts  were  reground, and  then  replaced  in  the  furnace  for  two  more 
hours.  These  boats  were  stored  in  desiccators  over  Anhydrone.  If 
more  than  two  days  elapsed  before  a boatful  was  completely  used  it 
was  furnace  treated  once  more. 


APPARATUS 

The  thermometer  used  in  the  major  part  of  the  work  (with  the 
super-dried  salts )was  a 24  inch,  0,2°,  0-200° G,  1^-  inch  immersion 
type.  It  was  calibrated  by  the  Bureau  of  Standards , and  these  cal- 

o 

ibrations , based  on  a 0 G ice  point, were  amended  to  check  with  the 
new  ice  point  and  were  applied  to  all  readings.  In  addition, a stem 
correction  was  calculated  by  means  of  the  formula; 

Tc  * T0  - 0.000156L  (Tm-  Tj 

in  which  Tc  - corrected  temperature 
T0  - observed  temperature 

L - length  in  degrees  of  the  mercury  column, not  at 
temp, to  be  measured.  (Here  oil  level  is  10° 
therefore,  L * T0  - 10°  ) 
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Tw  - average  temperature  of  the  middle  point  of  the 

emergent  thread  as  taken  by  another  thermometer. 

Tr  - average  room  temperature 

The  first  measurements  (on  regular-dried  salts)  were  made  on  a 24 
inch, 0.1°  .99-200°C.  1-g-inch  immersion  type  thermometer. 

The  oil  used  in  all  runs  up  to  165°C  was  a clear , colorless , 
paraffin  oil , "Kaydol” . (Howe  and  French, Boston) 

For  temperatures  above  165°C  we  used  a silica  base  oil,Dow- 
Corning  Fluid  Ho.  550.  ( Viscosity  at  25° G --75  cstks.  Mfg.  by 
Dow-Corning  Corporation,  Midland , Michigan  ) 

The  apparatus  for  micro  determinations  consisted  of  a beaker 
of  oil  supported  on  an  iron  plate  over  a shielded  micro  burner. 

The  thermometer  plunged  into  the  oil  !■§■  inches, and  was  surrounded 

by  a glass  basket  suspended  from  an  upper  clamp.  A capillary  tube 
containing  the  melt  (made  from  10  mm  bore  pyrex  tubing, drawn  into 
a three  inch  capillary  of  1 mm  bore, and  flared  at  the  top  ) rested 
in  this  basket  also.  A micro  stirring  rod  was  used  in  the  melting 
point  tube  and  a regular  ring  form  stirrer  was  used  in  the  oil 
bath.  A 100*0  thermometer  was  clamped  to  the  top  of  the  stand. 

The  set-up  was  lighted  by  a substage  lamp  attached  nearby. 

The  macro  equipment , used  to  obtain  cooling  curves , differed 
somewhat.  A six-inch  test  tube  containing  the  melt  was  placed 
in  a larger  size  test  tube  and  was  supported  centrally  therein 
by  a cork  ring  qnd  by  glass  wool  below.  The  thermometer  was 
placed  directly  in  the  melt,  along  with  a small  ring-form  stirring 
.rod.  Another  thermometer  was  placed  in  the  oil  bath  to  permit 
more  accurate  control  of  the  bath  temperature.  In  both  micro 
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and  macro  oases, the  amount  of  gas  coming  to  the  burner  was  regu- 

#6 

lated  by  a micro  control  valve. 

PROCEDURE 

"fc  The  micro  samples  (0.1  gm. ) were  made  by  weighing  the  desired 

amount  of  ammonium  nitrate  into  a previously  ignited  and  weighed 
capillary  tube  equipped  with  a cork  covered  with  tinfoil.  The 
lithium  nitrate  necessary  to  make  up  the  percent  sample  wanted 
was  then  weighed  into  the  same  tube.  The  tube  was  placed  in  a 
bath  of  hot  o il , uncorked, and  stirred  until  the  salts  had  melted 
and  a clear , colorless  liquid  was  obtained.  The  tube  was  then 
transferred  to  the  oil  bath  in  the  micro  melting  point  apparatus, 
the  temperature  of  the  bath  being  slightly  higher  than  the  expec- 
ted crystal  temperature  of  the  mixture.  The  bath  and  the  melt 
were  stirred  constantly  and  cooled  at  a uniform  rate  with  temp- 
erature readings  being  made  every  minute.  The  rate  of  cooling 
was  0.5°per  minute.  T.7hen  the  first  crystals  appeared  the  temper- 
ature was  carefully  noted.  The  flame  was  immediately  increased. 

( After  the  first  run  the  flame  could  be  raised  before  the  minimum 
temperature  had  been  reached, thus  saving  time.)  The  temperature 
was  raised  gradually  and  s teadily , ( 0 • 3°per  min.)  with  continuous 
stirring  of  melt  and  bath  until  the  last  crystal  disappeared. 

This  temperature  was  also  carefully  recorded.  Repetitions  were 
made  until  the  temperatures  of  crystal  disappearance  agreed  to 

within  0.1°  . 

K 

The  results  thus  obtained  follows 


#6  E.O. Holmes  Jr.  J.  Ghem.  Ed.  20  ,239  (1943) 
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—TABLE  1~ 


MELT  BIG 

POINTS  BY 

REGULAR  MICRO 

METHOD 

% BY  \VT. 

OB S. TEMP. 

THEREOF. 

GORR. 

STEM 

PINAL 

LiNO 

DEGREES  G 

GORREG. 

TEMP . 

GORR. 

MELT  I] 

5.00 

169.5 

3.56 

158.9 

+ 0.2 

159.1 

-0.3 

158.8 

6.16 

151.4 

+ 0.2 

151.6 

-0.3 

151.3 

7*86 

142.6 

-0.0 

142.6 

-0.3 

142.3 

9.54. 

136.3 

-0.0 

136.3 

-0.0 

136.3 

12.10 

127.5 

-0.0 

127.5 

-0.1 

127.4 

13.22 

124.3 

-0.0 

124.3 

-0.1 

124.2 

15*87 

119.1 

-0.0 

119.1 

-0.0 

119.1 

16*22 

117.5 

-0.0 

117.5 

-0.0 

117.5 

17.94 

114.6 

-0.1 

114.5 

-0.0 

114.5 

18*19 

114.1 

-0.1 

114.0 

•0.0 

114.0 

21.97 

106.1 

-0.1 

106.0 

-0.1 

105.9 

22.57 

103.4 

-0.2 

103.2 

-0*1 

103.1 

23*39 

90.8 

-0.3 

90.5 

-0.2 

9 0.3 

24.31 

95.7 

-0.4 

95.3 

-0.2 

95.1 

24.83 

90.9 

-0.3 

90.6 

-0.2 

90.4 

25.60 

90.9 

-0.3 

90.6 

-0.2 

90.4 

27.56 

90.9 

-0.3 

90.6 

-0*2 

90.4 

27.77 

91.0 

-0.3 

90.7 

-0.2 

90.5 

28.12 

91.0 

-0.3 

90.7 

-0.2 

90.5 

29*07 

94.5 

-0.3 

94.2 

-0.2 

93.9 

31.25 

84.0 

-0.3 

83.7 

-0.2 

83.5 

32.09 

83.0 

-0.3 

82.7 

-0.2 

82.5 

33*14 

115.3 

-0.3 

115.3 

-0.2 

115.1 

37.73 

135.1 

-0.6 

134.5 

—0 . 3 

134.2 

41.39 

167.1 

-0.6 

166.5 

-0.4 

166.1 

44.41 

175.8 

-0.6 

175.2 

-0.4 

174.8 

47.72 

191.2 

-0.6 

190.6 

-0.4 

190*2 

6.  L 
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The  results  obtained  by  the  foregoing  method  coincided  quite  well 
with  those  of  Perman  and  Harrison  down  to  the  eutectic  region, thus 
proving  that  our  micro  method  is  dependable  for  this  type  of  work. 

Hear  the  eutectic , however , we  obtained  unexplainable  results--a 
melting  point  of  90.4°C  for  all  samples  between  23  and  28  % LiH03 

It  was  thought  this  might  be  due  to  impurities  caused  by  an 
exchange  of  sodium  from  the  glass  with  lithium  from  the  melt.  Flame 
tests  on  the  melt  failed  to  confirm  this, so  some  of  the  glass, in 
which  a mixture  of  lithium  nitrate  and  ammonium  nitrate  had  been 
standing  for  several  hours  at  high  tempera ture , was  thoroughly 
washed , fused , and  tested  spectroscopically  for  lithium,  A Hillger 
Spectroscope  with  a drum  calibrated  for  wave  lengths  was  used.  The 
cross  hairs  were  set  on  the  wave  length  of  the  most  prominent 
lithium  line.  Hot  the  slightest  light  was  noticed  when  the  glass 
sample  las  held  in  front  of  the  slit  repeatedly.  Therefore , the  amount 
of  lithium  present  was  less  than  one  part  in  100,000. 

Decomposition  seemed  impossible  at  so  low  a temperature , and  no 
evidence  could  be  found  to  support  such  a theory. 

Supercooling  was  ruled  out  because  seeding  with:  (l)  LiH03;  (2) 
HHfNOj-1  or -11  ; (3)  a mixture  of  LiH0J  and  HH^H03  ; (4)  mica  jbrought 
no  change  in  results. 

The  only  factor  that  could  be  held  responsible  for  this  phenom- 
enon was  moisture.  So , in  order  to  eliminate  it, a new  method  for 
drying  was  devised  (see  improved  drying  ) which, together  with  rapid 
weighing  and  combining  of  the  salts, caused  the  absorption  of  moisture 
to  be  reduced  to  a minimum. 

Another  interesting  fact  noted  in  working  with  these  samples 
was  the  part  played  by  age  in  causing  the  C1elting  point  to  vary. 
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\7hen  not  in  the  hot  oil  the  samples  were  tightly  stoppered  and  kept 
in  desiccators  over  Anhydrone.  If  a sample  was  observed  at  inter- 
vals over  a period  of  one  or  two  weeks, the  melting  point  was  found 
to  rise  for  a while , finally  reaching  a maximum, from  which  point  it 
descended  again  more  slowly.  Samples  showing  this  behavior  are 
those  near  the  eutectic  and  on  the  right  branch  of  the  curve. 

Some  examples  of  the  above  follow: 

—TABLE  11- 

VARIATION  OF  MELTING  POINT  WITH  THEE 


% by  VT. 

MELT. POINT 

AGE  of 

% by  WT. 

MELT. POINT 

AGE  of 

ldto3 

DEGREES  G.  _ 

SAMPLE 

LiNOj 

DEGREES  G. 

SAMPLE 

23.39 

90.3 

31.25 

83.5 

90.9 

3 days 

104.9 

6 days 

105.0 

7 " 

24.31 

95.1 

96.5 

6 days 

32.09 

82.5 

96.3 

7 " 

90.9 

2 days 

107.8 

3 " 

24.  S3 

90.5 

94.1 

2 days 

33.14 

115.1 

93.0 

3 " 

114.5 

2 days 

9^.0 

13  " 

37.73 

134.1 

25.60 

90.4 

136.1 

2 days 

94.1 

4 days 

94.0 

5 " 

41.39 

166.0 

93.0 

15  " 

160.4 

2 days 

29.07 

94.5 

94.7 

2 days 

94.9 

3 " 

94.0 

12  " 
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The  macro  samples , a 11  fer  use  in  cooling  curve  determinations, 

were  made  by  weighing  the  desired  amount  of  dry  ammonium  nitrate 

into  a previously  ignited  and  weighed  six  inch  test  tube , equipped 

with  a tin-foil  covered  cork  stopper.  The  calculated  amount  of 

lithium  nitrate  was  then  weighed  in  and  the  tube  was  transferred 

to  a bath  of  hot  oil  where  it  was  unstoppered  and  stirred  until 

the  melt  clarified.  ihe  tuoe  was  removed, wiped  off, inserted  in  the 

cork  ring  in  the  macro  apparatus , and  heated  gently  until  it  was 

0 

again  perfectly  clear, and  about  15  higher  in  temperature  than  the 
surrounding  oil  bath.  The  temperature  was  then  lowered  steadily 
( 0.5°per  min. ) and  readings  were  taken  every  two  minutes.  when 
the  temperature  ceased  to  drop  uniformly , readings  were  made  every 
minute.  The  temperature  at  which  the  curve  levelled  off  is  the 
eutectic.  The  temperature  at  which  the  curve  changed  direction 
was  the  transition  point. 


--TABLE  111- 

TRANSITION  AND  EUTECTIC  POINTS  OBTAINED  BY  REGULAR  MACRO  METHOD 


% by  WT.OBS. TRANS.  CORR.  CORR. TRANSITION  OBS. EUTECTIC  CORR.  CORR. 
LiN03  DEGREES  C S&t#  DEGREES  C DEGREES  C EUTECTIC 


18.04  1E6.0  —0.6  125.1 

-0.3 


y 


8.37  127.0  -0.6  126.1 

-0.3 


28.12  — — 98.0  -0.4  97.4 

-0.2 
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A question  arose  as  to  the  effect  of  sample  size  on  the  crys- 
tallization temperature.  To  test  this  a -c.8.12  % sample  -was  made 
and  divided  into  six  parts — approximately  10, 5, 1,75,1. 50, 0.2, and 
0.1  grams.  The  five  smaller  parts  agreed  in  crystallization  temper 
a ture  hut  the  ten  gram  sample  differed  noticeably. 


--TABLE  IV— 


VARIATION  OF  MELTING  POINT  WITH  SIZE  OF  SAMPLE 

28.12  % LiN03 


SIZE  in 

OBS.  TEMP. 

GORR. 

FINAL  GORR 

ORALS 

DEGREES. G. 

(s&t)  # 

GRYST . TEMP 

10.00 

105.0 

ir 

-0.4  t 

102.4 

-0.2  s 

5.59 

89.4 

-0.3 

88.9 

-0.2 

1.76 

103.1 

-0.4 

102.5 

90.0 

-0.2 

89.5 

-0.3 

-0.2 

1.50 

90.0 

-0.3 

89.5 

-0.2 

0.18 

90.0 

-0.3 

89.5 

-0.2 

0.10 

90.0 

-0.3 

89.5 

-0.2 
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Improved.  Micro  Procedure 


Some  of  the  salts  resulting  from  treatment  under  M Improved 
Drying"  were  used.  The  approximate  amount  of  ammonium  nitrate 
needed  to  make  up  a 0.1  gram  sample  of  a certain  percentage  was 
weighed  into  a stoppered  melting  point  tube  which  had  been  pre- 
viously ignited , cooled , heated  in  the  combustion  furnace  for  two 
hours, cooled  and  weighed.  This  was  then  uncorked, and  placed  in  the 
combustion  furnace  in  a stream  of  dry  air  at  140°C  for  two  more 
hours, cooled  and  weighed  accurately.  It  was  immediately  placed  in 
a bath  of  hot  oil.  Approximately  the  desired  amount  of  lithium 
nitrate  was  weighed  into  a three  inch  section  of  pyrex  tubing 
which  had  been  previously  treated  as  was  the  melting  point  tube 
described  above.  This  was  also  placed  in  the  furnace  for  two  hours 
cooled  and  weighed  accurately.  It  was  then  inserted  in  the  wide 
end  of  the  melting  point  tube  and  the  lithium  nitrate  was  knocked 
down  into  the  capillary.  The  now  empty  three  inch  section  was  re- 
moved and  reweighed , the  difference  being  the  weight  of  the  lithium 
nitrate  in  the  sample.  This  sample  was  then  treated  as  in  the 
regular  micro  method. 

Samples  containing  more  than  62/£  lithium  nitrate  could  not  be 
determined  since  decomposition  occurred  (>200  G)  before  their 
melting  points  were  reached. 

The  results  obtained  from  the  use  of  this  method  are  as  follows 
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— TABLE  V— 


RESULTS  FROM  IMPROVED  MICRO  METHOD 


% by  xrs. 

OBS. TEMP. 

THEHMOM. 

CORR. 

STEM 

FINAL  CORR. 

LiN03 

DEGREES  C 

CORREG. 

TEMP. 

CORR. 

MELTING  PT. 

0*00 

— 

— 

— 

169.5 

5.32 

154.0 

+ 0.3 

154.3 

-0.3 

154.0 

9.25 

139.2 

+ 0.1 

139.3 

-0.3 

139  oO 

left 

12.89 

127.2 

+ 0.1 

127.3 

-0.3 

127.0 

branch 

15.17 

116.4 

+ 0.1 

116.5 

-0.2 

116.3 

19.06 

99.0 

+ 0.1 

99.1 

-0.2 

98.9 

18.23 

105.6 

+ 0.1 

105.7 

— 0.2 

105.5 

21.33 

93.8 

+ 0.1 

93.9 

-0.2 

93.7 

22.16 

90.1 

+ 0.1 

90.2 

-0.2 

90.0 

23.10 

85.0 

+ 0.1 

85.1 

-0.2 

84.9 

24.19 

84.4 

+ 0.1 

84.5 

-0.2 

84.3 

25.72 

87.8 

+ 0. 1 

87.9 

-0.2 

87.7 

26.48 

94.9 

+ 0.1 

95.0 

-0.2 

94.8 

i 

27.19 

100.4 

+ 0.1 

100.5 

-0.2 

100.3 

right 

27.58 

97.9 

+ 0.1 

98.0 

-0.2 

97.8 

branch 

28.74 

105.2 

+ 0.1 

105.3 

-0.2 

105.1 

29.44 

110.9 

+ 0.1 

111.0 

-0.2 

110.8 

30.19 

114.0 

+0.1 

114.1 

-0.2 

113.9 

30.52 

116.8 

+ 0.1 

116.9 

-0.3 

116.6 

31.12 

121.6 

-0.1 

121.5 

-0.3 

121.2 

31.45 

121.6 

-0.1 

121.6 

-0.3 

121.2 

31.58 

127.0 

-0.1 

126.9 

-0.3 

126.6 

34.94 

139.2 

+ 0.1 

139.3 

-0.3 

139.0 

40.41 

153.4 

+0.3 

153.7 

-0.3 

153.4 

44.21 

162.2 

+0.4 

162.6 

—9.4 

162.2 

upper 

47.35 

168.8 

+0.4 

169.2 

-0.4 

168.8 

right 

54.25 

182.4 

+ 0.5 

182.9 

-0.4 

182 . 5 

branch 

61.38 

195.0 

+0.7 

195.7 

-0.4 

195.3 

. 0 0 


- 

o 

-o'  . 


6 


J#  ~ 


0 


o *“■ 


< 


fl  P BlKltS  G 

Z5 8 


PHASt.  DIAGRAD  of mt  SYSTEM  LITHIUM  NITRATE --AHnONIUn  NITRATE 


Vs  10  “ i0  a 11  ■.SJjJS * » H » « » »•  ® 


In  the  curve  obtained  by  plotting  these  results, the  left  branch 

o 

fails  to  give  the  expected  break  at  125  C,but  continues  smoothly  down 
in  a faintly  parabolic  curve  to  a eutectic  in  the  meta stable  region 
( ammonium  nitrate  1 — lithium  nitrate)  of  79.6°C,24.21  % lithium 
nitrate.  This  eutectic  must , therefore , be  the  eutectic  between  ammon- 

e. 

ium  nitrate  1 and  lithium  nitrate.  Apparantly  the  complete  absence 
of  moisture  prevents  the  transition  to  ammonium  nitrate  fl. 

No  one  curve  fits  all  the  points  on  the  lithium  nitrate  side* 

The  upper  seven  points  were  least  squared  as  a separate  unit  but 
the  resulting  curve  was  unsatisfactory.  Therefore , the  lower  curve 
was  extended  graphicallyto  the  melting  point  of  pure  lithium  nitrate. 


I 


KEY  TO  PRECEDING  GRAPH 

Dotted  line curve  as  determined  by  Perman  and  Harrison  using 

macro  cooling  curve  method. 

A our  points  as  determined  by  using  micro  method  on 

samples  dried  in  the  regular  way. 

O our  points  as  determined  by  using  micro  method  on 

samples  dried  in  the  improved  way. 

□ our  points  as  determined  by  using  macro  cooling 

curve  method  on  samples  dried  in  the  improved  way. 
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Improved  Macro  Procedure 

This  parallels  the  Improved  Micro  Procedure,  Boat  dried  salts 
were  used;  test  tube  and  three  inch  section  of  pyrex  were  ignited, 
and  furnace  treated, and  were  weighed , mixed , melted , and  otherwise 
handled  as  previously  described. 


— TABLE  VI— 

RESULTS  FROM  EMPLOYMENT  OF  THE  IMPROVED  MACRO  METHOD 


LiN03  OBSERVED  CORR. 

% by  T,n.  EUTECTIC  s&t  # 

TEMP . °C 


FINAL  CORRECTED 
EUTECTIC  TEMP. 


. 53 


83.6  -0.2  s 

79.6  ‘ +0.1  t 


83.5 

79.5 


23.75  83.6  -0.2 

83.6  ^0.1 

83.6 

79.6  ' 


83.5 

83.5 

83.5 

79.5 


24.97  79.6  -0.2 

79.6  +0.1 

79.6 


79.5 

79.5 

79.5 


24.84 


79.6  -0.2 

79.6  +0.1 


79.5 

79.5 
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CONSTRUCTION  0?  THE  PHAJE  DIAGRAM' 

The  melting  point  of  pure  ammonium  nitrate  1 ( 169.5  C)  was 
assumed  to  be  correct.  Since  four  macro  determinations  indicated 
79.5  C as  the  eutectic  temperature  in  the  metastable  region, this 
also  was  taken  as  accurate. 

By  the  Method  of  Least  Squares  we  obtained  an  equation  for  the 
solubility  curve  of  ammonium  nitrate  1.  In  so  doing, we  used  all 

eleven  points  of  our  data, and  imposed  the  restriction  that  the 

0 

curve  must  pass  through  the  point  0 $,169.5  G.  The  mathematical 
straight  line  form  of  this  equation  was: 

y » - 3.5715  x + 169.5 

The  corresponding  solubility  curve  for  lithium  nitrate  was 
found, the  restriction  imposed  on  it  being  that  it  intersect  the 
solubility  curve  of  ammonium  nitrate  1 at  79.5°C.  The  equation 
was: 

y - 5.6  x - 54.4 

However, when  these  lines  were  plotted  they  failed  to  fit  the 
experimental  points  as  closely  as  desired, so  both  curves  were  re- 
calculated as  parabolas.  Two  restrictions  were  imposed:  (1)  the 
ammonium  nitrate  curve  must  pass  through  the  point  169.5  C,0$  ; 

O 

(2)  both  curves  shall  meet  at  the  temperature  79.5  G.  These  two 
equations  were  found  to  be: 

p = 37.61  - 0.l2l7(t)  - 0.00059(t2') 

p - 10.927  + 0. 167 ( t ) + 0. 00000003( t* ) 

By  substituting  the  metastable  eutectic  tempera ture( 79. 5°C) 
in  these  equations  we  found  the  eutectic  composition  to  be  24.21  $ 
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An  equation  in  the  parabolic  form  for  the.  upper  right  curve  was 
also  determined  by  the  method  of  least  squares , with  one  restriction 
imposed:  The  curve  must  pass  through  the  point  100  % lithium  nitrate, 
^53  G.  ( the  melting  point  of  pure  lithium  nitrate)  The  equation 
was  found  to  be 

p » - 54.713  + 0.6067(t)+  0.000019  (t1) 

This  curve  was  then  drawn  in  and  attached  to  the  lower  curve 
by  a synthetic  piece.  The  resulting  curve  did  not  fit  the  data 
well, so  this  upper  section  was  discarded.  The  lower  curve  was  ex- 
tended graphically  through  the  upper  points  and  on  to  the  melting 
point  of  pure  lithium  nitrate. 

REMARKS  AND  CONCLUSIONS 


From  a consideration  of  our  final  curve, and  a comparison  of 
it  with  the  curves  of  Perman  and  Harrison, and  Campbell, it  appears 
that  our  method  of  drying  the  sample  is  responsible  for  a consider- 
able variation  in  results.  The  presence  of  even  a minute  amount 
of  moisture  will  cause  the  transition  between  the  two  forms  of 
ammonium  nitrate  to  occur ,wherea s complete  dryness  prevents  this 
transition.  The  size  and  age  of  the  samples  apparanlly  produce  an 
effect  on  the  melting  points.  We  believe  these  results  are  explain- 
able on  the  basis  of  moisture  content. 

From  the  standpoint  of  technique, we  can, with  our  regular  micro 
technique , reproduce  Perman  and  Harrison’s  data, and  can, with  our  im- 
proved micro  technique , obta in  new  reproducible  data  unlike  any  here 

tofore  reported.  Our  ammonium  nitrate  1 solubility  curve  coincides 
with  that  of  Perman  and  Harrison  through  to  the  transition  point, 
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and  continues  as  a smooth  parabola ,wherea s his  bends  sharply  to  the 

right  with  the  formation  of  ammonium  nitrate  11.  Our  lithium  nitrate 

/ 

curve, on  the  other  hand, crosses  his, and  ascends  in  a steep  manner 
for  a distance  before  changing  direction  and  running  parallel  to  his. 

The  Method  of  Least  Squares  gives  us, we  believe, the  most  accurate 
determination  of  the  metastable  eutectic  point  between  ammonium 
nitrate  1 and  lithium  nitrate. 

SUMMARY 

rhe  PHASE  RELATIONS  of  the  SYSTEM  LITHIUM  NITRATE  —AMMONIUM 
NITRATE  nave  been  redetermined  up  to  62/?  lithium  nitrate  content. 
Beyond  this  point  decomposition  of  the  salts  invalidated  the  results 
obtained. 

The  solubility  curve  for  ammonium  nitrate  1 is  parabolic  but 
that  for  lithium  nitrate  is  not  a simple  parabola. 

An  improved  micro  and  macro  procedure  has  been  developed  to 
insure  perfect  drying  of  samples.  This  gives  good, reproducible 
results, the  macro  being  the  more  reliable  near  the  eutectic, the 
micro  elsewhere. 

The  method  of  drying  has  a tremendous  effect  upon  the  temper- 
ature of  disappearance  of  the  last  crystal  upon  heating  of  the  melt. 

The  metastable  eutectic  temperature  of  ammonium  nitrate  1 and 
lithium  nitrate  was  found  to  be  79.5  G by  the  cooling  curve  method. 

By  applying  the  Method  of  Least  Squares  to  the  curves  of  the  melt- 
ing points  obtained, the  metastable  eutectic  composition  was  found 
to  be  24.21  % lithium  nitrate. 
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